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Note from the Editorial Board

Dear Readers,

We are proud to bring you another information print issue of the Dartmouth Undergraduate 
Journal of Science. Contained within this issue are a variety of types articles, including exposés of 
important of scientific phenomena, descriptions of important diseases, reviews of recent scientific 
research, and an original research article. All of these articles fall under the general topic of 
Influence, a broad theme allowing writers to describe virtually any scientific topic that they deem 
meaningful to the world at large. 

In this issue, Logan Collins follows with an examination of the potential of the human brain 
and describes the promising Human Brain Project. Following Logan, I investigate the causes and 
consequences of Lyme disease, an important outdoor hazard for those of us who are fond of the 
wilderness. Writing in the intersection of Engineering and Medicine, Dylan Cahill explores the 
exciting technique of telesurgery, elucidating its current obstacles and future directions. 

Following telesurgery, Zachary Wang introduces us to the world of placebos, tracing the famous 
Placebo Effect from its origins to its modern-day ramifications. Then, Sumita Strander leads 
us into the vibrant field of neurology, where she guides us through a detailed description of 
Alzheimer’s Disease, describing both its molecular mechanism and its wide-ranging implications. 
Describing a new technique in cancer therapy, Nick Norwitz details how targeting upstream 
regulators of many angiogenic mediators—instead of targeting the mediators themselves—might 
allow for more effective anti-angiogenic treatment. 

This issue also highlights Professor Gordon Gribble from the Chemistry Department in our 
faculty interview, in which Professor Gribble traces his progression as a chemist from an early age 
and explains his research centering around triterpenoids. Lastly, Jase Davis and Kristen Hinckley 
provide an original research article in which they elucidate how the “Echo Chamber Effect” 
influences Dartmouth students’ news consumption patterns. 

This Spring issue represents the culmination of our entire staff’s hard work this term. Thank you 
for reading, and we hope you enjoy.

Sincerely,

Kevin Kang
Editor-In-Chief
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(603) 646-8714
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Faculty Spotlight:

Dr. Gordon Gribble
Professor of Chemistry

Professor Gordon Gribble received his B.S. from U.C. Berkeley and his Ph.D. 
from the University of Oregon. He has been at Dartmouth for the past 49 years, 
and in that time he has taught chemistry to a great number of students. His 
research in the field of organic chemistry features indole and triterpenoid 
synthesis, and has yielded a wide range of medications.

BY SAM REED ‘19

FACULTY INTERVIEW

Figure 1: Dr. Gordon Gribble 
(right) is an esteemed Organic 
Chemistry Professor, role 
model, and mentor. This 
picture was taken at the 2002 
Goldschmidt Conference in 
Davos, Switzerland.
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diseases, but it’s really not sufficient to be used. So we had 
the idea, if you take one of these compounds – we chose two: 
oleanolic acid and ursolic acid. Chemically, we started to modify 
those compounds to see if we could amplify the biological 
activity. The 151st compound we synthesized, its called CDDO, 
was actually four thousand times more active than oleanolic acid, 
the starting materials. It’s a ten-step synthesis that took three 
years to accomplish, going from the stuff we get from olive oil to 
a compound that made it through phase three of clinical trials, 
after phase 1 and phase 2 trials for cancer and chronic kidney 
disease. 

So does a lot of your research still revolve around this 
triterpenoid, and if not, what does it consist of?

Right now I’m writing a new paper on a derivative of CDDO 
that we think will be better than the original CDDO, which is 
now called a bardoxolone methyl. We synthesized bardoxolone 
methyl in my laboratory in 1998, published it in 2000. We have 
a better synthesis reported a couple years ago, which actually 
reduces the number of synthetic steps in half. But the new 
compound, where we’ve made a compound having 1 less methyl 
group on what’s called the “A-ring,” has activity that’s about 10 
times better than bardoxolone methyl. So we’re very excited 
about that new compound.

But as you know, I’m retiring from teaching in August, and my 
research might go another two years or so but after that I’ll 
probably be out of the laboratory completely.

That’s a great bridge to my next question. Over the course 
of your career so far, what are the biggest ways your 
research has been impacted by your students?

Well Dartmouth students are incredibly intelligent, enthusiastic, 
and motivated, by-and-large. So that’s tremendous feedback that 
I receive when I work with undergraduates, and graduates, and 
post-docs as well. So that’s been a real joy with me; not only 
doing research with them but also teaching them. 

Any advice for a budding organic chemist?

Work a little bit all the time, keep on top of things, and if you’re 
into research as an undergraduate, you went to work with a 
professor and mentors in the laboratory. It’s a matter of dedication 
and falling in love with what you’re doing in the laboratory, as I 
did a long time ago. 

Why organic chemistry as opposed to a different field of 
chemistry?

It all goes back to 1951 when I was 10 years old. I got a chemistry 
set for Christmas and, I remember, I was working with my dad in 
the kitchen, doing experiments. I really loved the idea of making 
something new, noticing how chemicals react to form colors, 
smoke, things like that. In fact, I was making firecrackers and 
sparklers later on when I was maybe 12-14.

So you really budded early then?

I was very interested in chemistry. In those days you could 
actually go to a chemistry store and buy things like concentrated 
sulfuric acid. I remember my mother taking me to J.T. Baker 
Chemical Company in San Francisco and buying a concentrated 
bottle of sulfuric acid, which you could never do today, of course.

How do you think organic chemistry can advance fields 
of public health in ways that other fields of chemistry 
cannot?

Well organic chemistry, of course, is the chemistry of carbon 
compounds. All pharmaceuticals, all new drugs, almost all new 
materials, are based on carbon. Carbon is the central element in 
organic chemistry, of course.

I know that a lot of your work has to do with indoles. What 
can this work do for the field of chemistry? 

Well indol is a heterocyclic, two-ring system that is in everything 
we eat. It’s in tryptophan. It’s in serotonin - our brain chemical. 
It’s in pharmaceuticals, and has many biological applications. 
All migraine drugs, for example (and that’s just one example), 
contain the indole core, and indole is a ubiquitous compound, as 
I mentioned. It’s in lots of pharmaceuticals and materials. Nature 
uses the indole ring to make a myriad of natural products.

I’ll ask you the same question about triterpenoids.

Triterpenoids are in everything we eat also, although they 
don’t contain nitrogen. They’re biosynthesized from acetic acid, 
actually - which is something we eat – but they’re in things 
like cranberries, pokeberries, really all plant material contains 
some triterpenoids. Ursolic acid is a common one in cranberries. 
Oleanolic acid common in leaves to make our potential drug, is in 
olive oil, for example. And in rosemary, that’s another biological 
source.

When you’re beginning your research, do you think of a 
problem you want to solve and then devise a structure, or 
do you create a novel structure, and then see how it can 
be used?

A combination of that. With the triterpenoid that we invented 
in 1998, we started with the premise that triterpenoids in plants 
have some biological activity, some anti-inflammatory activity, 
some anti-cancer activity. Probably not sufficient enough to be 
used in the clinic, to be used as a drug. Folk medicine reports 
uses of things like oleanolic acid, ursolic acid, to treat various 

D
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BY LOGAN COLLINS ’19

COMPUTER SCIENCE

The Potential of Brain Emulation
The human brain has been described as 

“the most complex object in the universe.” Its 
meshwork of 86 billion neurons, 84 billion glial 
cells, and over 150 trillion synapses may seem 
intractable (Azevedo et al., 2009; Pakkenberg, 
2003). Nonetheless, efforts to comprehensively 
map, understand, and even computationally 
reproduce this structure are underway. Large 
collectives of researchers have come together, 
working in concert towards these goals. The 
Human Brain Project (HBP) and its precursor, 
the Blue Brain Project, have spearheaded the 
brain simulation goal (Grillner et al., 2016). 
Some other notable organizations include the 
China Brain Project, the BRAIN Initiative. On a 
scale which parallels the space program and the 
Human Genome Project, neuroscience may be 
approaching a revolution.

Whole brain emulation (WBE), the 
computational simulation of the human brain 
with synaptic (or higher) resolution, would 
fundamentally change medicine, artificial 
intelligence, and neurotechnology. Modeling 
the brain with this level of detail could reveal 
new insights about the pathogenesis of mental 
illness (Markram et al., 2011). It would provide 
a virtual environment in which to conduct 
experiments, though researchers would need 
to develop guidelines regarding the ethics of 
these experiments, since such a construct may 
possess a form of consciousness. This virtual 
connectome could also vastly accelerate studies 
of human intelligence, leading to the possibility 

of implementing this new understanding of 
cognition in artificial intelligence and even 
developing intelligent machines. Brain-
computer interfaces (BCIs) may also benefit 
from WBE since more precise neuronal codes for 
coding motor actions and sensory information 
could be uncovered. By studying WBEs, the 
“language” of the brain’s operations could be 
revealed and may give rise to a rich array of new 
advances.

Foundations of Computational 
Neuroscience

Biologically accurate neuronal simulations 
usually employ conductance-based models. 
The canonical conductance-based model was 
developed by Alan Hodgkin and Andrew 
Huxley and published in 1952, later winning 
them the Nobel Prize in Physiology or Medicine 
(Hodgkin and Huxley, 1952). Current models 
still use the core principles from the Hodgkin-
Huxley model.

This model is a differential equation 
which takes into account the conductances 
and equilibrium potentials of neuronal sodium 
channels, potassium channels, and channels that 
transport anions. The output of this equation is 
the total current across the membrane of the 
neuron, which can be converted to a voltage by 
multiplying by the total membrane resistance.

“Whole brain 
emulation (WBE), 
the computational 
simulation of the 
human brain with 
synaptic (or higher) 
resolution, would 
fundamentally 
change medicine, 
artificial 
intelligence, and 
neurotechnology.”

Towards Simulating the Human Brain

Figure 1: This figure depicts a 
Blue Gene/P supercomputer. 

Source: Wikimedia Commons 
(Credit: Argonne National 
Laboratory)
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constructing virtual neurons and assemblies 
of neurons. They have shown remarkable 
biological fidelity even in complex simulations. 
Multi-compartmental Hodgkin-Huxley models, 
given the proper parameters from experimental 
data, can make predictive approximations of 
biological activity.

The Blue Brain Project
The quest to simulate the human brain has 

largely emerged from The Blue Brain Project, 
a collaboration headed by Henry Markram 
(Figures 1 and 2). In 2007, Markram announced 
the completion of the Blue Brain Project’s first 
phase, the detailed simulation of a rat neocortical 
column in IBM’s Blue Gene supercomputer. 

This achievement required a powerful 
engineering strategy that integrated the many 
components of the simulation (Markram, 2006). 
To start, gene expression data were used to 
determine the ion channel distributions in the 
membranes of various types of cortical neuron. 
Over twenty different types of ion channel 
were considered in this analysis. These ion 
channels were incorporated into extensions 
of the Hodgkin-Huxley model with additional 
terms for the many types of channel. Three-
dimensional neuron morphologies were paired 
with appropriate ion channel distributions 
and a database of virtual neuron subtypes was 
assembled. Experimental data on axon and 
dendrite locations was collected to recreate the 
synaptic connections in the neocortical column. 
A collision detection algorithm was employed 

 The Hodgkin-Huxley equation (above) can 
generate biologically accurate predictions for the 
membrane voltage of a neuron at a given time. 
Using these membrane voltages and the firing 
threshold of the neuron in question, the timing 
of action potentials can be computationally 
predicted.

Another important concept in 
computational neuroscience is the multi-
compartmental model. Consider an axon which 
synapses onto another neuron’s dendrite. When 
the axon terminal releases neurotransmitters 
which depolarize the other neuron’s dendritic 
membrane, the depolarization will need to travel 
down the dendrite, past the soma, and onto the 
axon of this post-synaptic neuron to contribute 
to the initiation of an action potential. Since 
the density of voltage-gated channels outside 
of the axon is relatively low, the depolarization 
decreases as it moves along this path. In order 
to accurately recreate a biological neuron in a 
computer, this process must also be modeled. 
To accomplish this, the model segments each 
portion of the neuronal membrane into multiple 
“compartments.” In general, the higher the 
number of compartments, the more accurate 
the model, but also the more computational 
resources the model will require. Multi-
compartmental models use complicated partial 
differential equation extensions of the Hodgkin-
Huxley equation. When solved, the resulting 
multivariable functions take both the location 
along the dendrite and the time as inputs.

These methods form the fundamentals for 

“Multi-
compartmental 

models use 
complicated partial 

differential equation 
extensions of the 
Hodgkin-Huxley 
equation. When 

solved, the resulting 
multivariable 

functions take both 
the location along 

the dendrite and the 
time as inputs.”

Figure 2: Henry Markram 
explains neuronal function

Source: Wikimedia Commons 
(Credit: Steve Jurvetson)
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to adjust the three-dimensional arrangement of 
axons and dendrites by “jittering” them until they 
matched the experimental data. Physiological 
recordings provided membrane conductances, 
probabilities of synaptic release, and other 
biophysical parameters necessary to model each 
neuronal subtype. In addition, plasticity rules 
mirroring those found in biological neurons 
were applied to the virtual neurons to allow 
them to perform learning. Through a series of 
iterative tests and corrections, parameters were 
optimized.

By 2012, the project reached another 
milestone, the simulation of a cortical 
mesocircuit consisting of over 31,000 neurons 
in several hundred “minicolumns” (Markram et 
al., 2015). In this simulation, some of the details 
of synaptic connectivity were algorithmically 
predicted based on experimental data rather 
than strictly adhering to experimentally 
generated maps. Nevertheless, valuable insights 
were produced from the emulated mesocortical 
circuit. In vivo systems have shown puzzling 
bursts of uncorrelated activity. The simulation 
confirmed that this emergent property occurred 
as a consequence of excitatory and inhibitory 
signals canceling each other. The simulation 
also demonstrated that, during moments of 
imbalance between these signals, choreographed 
patterns of neuronal encoding can occur within 
the “overspill.” Such observations in this virtual 
cortical circuit have increased understanding of 
the mechanisms of neural activity.

The Human Brain Project
As the Blue Brain Project developed, it 

was eventually rebranded as The Human Brain 
Project to reflect its overarching goal. In 2013, 

the HBP was selected as a European Union 
Flagship project and granted over 1 billion euros 
in funding (equivalent to slightly over 1 billion 
USD). 

Criticisms inevitably arose. Some scientists 
feared that it would divert funding from 
other areas of research (Frégnac and Laurent, 
2014). A major complaint was that the HBP 
was ignoring experimental neuroscience in 
favor of simulations. The simulation approach 
would need to be complemented by further 
data collection efforts since connectomic and 
functional mapping information is lacking. As 
a result, the HBP restructured to broaden its 
focus. 

An array of neuroscience platforms 
with varying levels of experimental and 
computational focus were developed (Amunts 
et al., 2016). The Mouse Brain Organization 
and Human Brain Organization Platforms were 
initiated to further knowledge of brain structure 
and function through more experimentally 
centered approaches. The Systems and 
Cognitive Neuroscience Platform employ both 
computational and experimental approaches to 
study behavioral and cognitive phenomena such 
as context-dependent object recognition. The 
Theoretical Neuroscience Platform and Brain 
was created to build large computational models 
starting at the cellular level, closely mirroring 
the original Blue Brain Project. 

In addition to these, several overlapping 
platforms were initiated (Amunts et al., 2016). 
The Neuroinformatics Platform seeks to 
organize databases containing comprehensive 
information on rodent and human brains as well 
as three-dimensional visualization tools. The 
High Performance Analytics and Computing 
Platform (HPAC) centers on managing and 

Figure 3: Cajal Blue Brain 
research is ongoing in Spain

Source: Wikimedia Commons 
(Credit: Cesvima)

“Criticisms [of 
The Human Brain 
Project] inevitably 
arose. Some 
scientists feared 
that it would divert 
funding from other 
areas of research.”
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the door to constructing intelligent machines 
(Markram et al., 2011). With the capacity to 
emulate consciousness in a computational 
substrate, prosthetic neurotechnologies may 
see remarkable advances (Deadwyler et al., 
2016). We may uncover methods for gradually 
replacing portions of the brain with equivalent 
computational processing systems, enabling 
mind uploading. Although these possibilities 
currently seem fantastical, exponential trends 
in technological advancement suggest that they 
may transition into real possibilities within the 
next hundred years (Kurzweil, 2005). The HBP 
demonstrates that collaborative innovation is 
vital for building the future and continuing the 
human quest to invent, experience, and discover.  

 

CONTACT LOGAN COLLINS AT 
LOGAN.T.COLLINS.19@DARTMOUTH.EDU
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“Insights into brain 
mechanisms may 

help to decipher 
the mystery of 

consciousness. 
Such understanding 

may open the door 
to constructing 

intelligent 
machines.”

D

expanding the supercomputing resources 
involved in the HBP. In the longer term, 
HPAC may help the HBP obtain (projected) 
exascale computers, capable of running at 
least a quintillion floating point operations per 
second. Exascale computers would have the 
ability to simulate the entire human brain at the 
high level of detail found in the first simulated 
neocortical column from 2007 (Markram et al., 
2011). The Medical Informatics platform focuses 
on collecting and analyzing medically relevant 
brain data, particularly for diagnostics (Amunts 
et al., 2016). The Brain Simulation Platform 
is related to the Theoretical Neuroscience 
Platform, but more broadly explores models at 
differing resolutions (i.e. molecular, subcellular, 
simplified cellular, and models which switch 
between resolutions during the simulation). 
The Neuromorphic Computing Platform 
tests models using computer hardware that 
more closely approximates the organization 
of nervous tissue than traditional computing 
systems. Finally, the Neurorobotics Platform 
develops simulated robots which use brain-
inspired computational strategies to maneuver 
in their virtual environments.

Through the introduction of these 
platforms, the HBP collaborative may yield new 
insights in diverse areas of neuroscience and 
neurotechnology. The HBP’s original mission of 
simulating the human brain will continue, but 
with along a more interdisciplinary path. The 
incorporation of experimental emphases may 
help build more complete maps of the brain at 
multiple scales, enabling superior simulated 
models as the project evolves.

The Future
As a European Flagship, the HBP will 

receive funding over a ten year period that 
started in 2013 (Amunts et al., 2016). It may yield 
advances in numerous neuroscientific fields 
as well as in computer science and robotics. 
The HBP is also open to further collaboration 
with other neuroscience projects such as the 
American BRAIN Initiative. The Theoretical 
Neuroscience and Brain Simulation platforms 
may unify experimental knowledge and pave 
the way to emulating a brain in a supercomputer 
(Supercomputer shown in Figure 3). As exascale 
supercomputers emerge and the human 
connectome continues to be revealed, this 
challenging goal may be achievable. With the 
massive funding and resources available, the 
HBP may significantly advance understanding 
of the human brain and its operations.

The eventual completion of the HBP may 
have tremendous implications for the more 
distant future. Insights into brain mechanisms 
may help to decipher the mystery of 
consciousness. Such understanding may open 
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BY KEVIN KANG ’18

Lyme Disease: 
An Influential Outdoor Hazard

MEDICINE

Lyme Disease Discovered in New 
England

Lyme disease is an important, common 
illness in New England (See Figure 2) (Shapiro, 
2014; Stanek et al., 2012; Centers for Disease 
Control and Prevention, 2016). A relatively new 
illness, it was discovered about forty years ago 
in the town of Lyme, Connecticut. Now, it has 
become the most common vector-transmitted 
illness in the United States, with over 30,000 
cases annually (Centers for Disease Control 
and Prevention, 2016). Lyme disease arises 
when a bacterium is transmitted to a human 
via deer tick bite, so those of us involved in 
outdoor sports are most likely to contract the 
disease. Inhabitants of New England and the 
northeastern U.S. are most vulnerable to the 
disease, as 95% of Lyme Disease cases occur 
in only 14 out of 50 states. The most common 
season for the sickness is from Spring to Fall. 
The disease is becoming increasingly common 
as the deer population expands. The disease is 
also becoming increasingly common in Canada 
and temperate regions of Europe. 

Causes of Disease
The deer tick that transmits the disease 

belongs to the genus Ixodes (Sikand and Steere, 
2003). The illness begins with a skin rash called 
erythema migrans at the site of the tick bite. As 
the bacteria moves through the body under the 
skin and via circulation, the illness spreads to 
distant organs (Edlow and Tibbles, 2007). The 
bacterium responsible is a spirochete (spiral-
shaped) bacterium of the genus Borrelia. The 
only disease-causing bacterium in America is the 
Borrelia burgdorferi sensu stricto, but in Europe, 
other genera like the afzelii and garinii dominate 
as the leading-causes of Lyme-disease cases. 
Although the spirochete itself does not produce 
any toxins, the illness produces symptoms 
when the body mounts an immune response 
against the spreading spirochete infection. The 
centrifugal spread of the bacterium within the 
skin is responsible for erythema migrans (which 
creates a rash with a red ring around it) and the 
blood-borne spread of the spirochete can lead to 
heart, nervous system, or joint infection. 

Figure 1: Life cycle stages 
of Ixodes ricinus deer ticks. 
Unfed larva at far left, 
engorged larva next, unfed 
nymph, engorged nymph, 
unfed male and female top 
right, partially engorged 
female bottom right.

Source: Wikimedia Commons 
(Credit: Alan R. Walker)
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The Tick and the Tick Bite
Fewer than half of the people with Lyme 

disease recall the tick bite because the tick is 
very small and does not cause irritation when 
it bites. The ticks exist in the larval, nymph, and 
adult stages. Interestingly, the nymph tick is 
the type that causes infection, since it is only 1 
mm in size, and the infected individual typically 
does not notice the tick for three days, the 
amount of time necessary for the attached tick 
to cause infection. The newborn larval-stage 
ticks do not carry the bacterium, while adult 
ticks are too large and cause too much irritation 
to go unnoticed by their targets. Encouragingly, 
even when an individual suffers a tick bite, that 
individual develops Lyme disease in only about 
three percent of cases. 

Bite Prevention is the Key to 
Disease Prevention

The key to disease prevention is to avoid 
tick-infested environments and to cover 
bare skin with clothes, along with using tick 
repellants. Interestingly, taking simple hygienic 
precautions like bathing within two hours of 
exposure may reduce the risk of Lyme disease 
by physically removing the tick. This method 
of prevention works because the tick requires 
several hours to properly attach to take its 
blood meal from humans. As soon as the tick 
is noticed, it should be removed with tweezers 
without twisting (See Figure 3). If tweezers are 
not available, the tick can be removed with 
a napkin or a tissue to protect the fingers. If 
the tick attaches for less than <36 hours (the 
minimum time necessary for the bacterium to 

transmit), the bacterium will not be transmitted, 
and Lyme disease will not be contracted. 

Catching the Early Signs
It is important to recognize Lyme disease 

early, since a lack of early treatment with 
antibiotics makes distant spread more likely. 
Early treatment can prevent problems that 
occur weeks to months after the initial tick bite, 
like cardiac disease, neurological disease, and 
arthritis. The most common marker for Lyme 
disease is a characteristic rash present in 80% 
of bitten individuals. The rash usually appears 
1-2 weeks after the tick bite. Since antibodies 
against the bacterium take time to develop, 
antibody blood tests are usually normal during 
early stages, so the rash facilitates diagnosis. 
The rash initiates at the site of the bite and then 
spreads outward in a circular fashion. The rash 
is called erythema migrans, which translates to 
migrating red rash. The rash occurs due to the 
literal movement of the bacteria outwards in a 
circular manner. 

Early-Stage Symptoms
About 60% of those who contract Lyme 

disease also develop flu-like symptoms 
including muscle aches and fever, along with 
joint pains. Early Lyme disease can spread to 
the brain and heart. Early Lyme disease can also 
spread via blood to distant skin sites, causing 
rashes distant from the original tick bite. After 
an individual has been infected for a few weeks 
to months, neurological disease consisting of 
cranial nerve palsy, meningitis, and painful 
nerve root involvement occurs. Early cardiac 

Figure 2: This map 
demonstrates an approximate 
distribution of predicted Lyme 

disease risk in the United 
States. The true relative risk 

in any given county compared 
with other counties might 

differ from that shown here 
and might change from year 

to year. Risk categories are 
defined in the accompanying 

text. Information on risk 
distribution within states and 

counties is best obtained from 
state and local public health 

authorities. 

Source: Wikimedia Commons 
(Credit: The Center for Disease 

Control and Prevention)

“Interestingly, taking 
simple hygienic 
precautions like 

bathing within two 
hours of exposure 

may reduce the risk 
of Lyme disease by 

physically removing 
the tick.”
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Lyme disease—most commonly consisting of a 
block in the heart’s conduction system, leading 
to passing out—also appears weeks-to-months 
after infection. If not treated with antibiotics, 
cardiac disease can recur. 

Late-Stage Symptoms
If the early disease is missed and not treated 

with antibiotics, up to 60% of Lyme disease 
patients will develop late problems (problems 
occurring about 6 months after the initial tick 
bite). For example, Lyme arthritis occurs 6 
months after infection and is the biggest cause 
of late disability in both children and adults 
affected by Lyme disease. Late Lyme arthritis 
can recur or last for months or years and may 
not be curable in about 10% of cases despite 
prolonged antibiotic courses. Late neurological 
disease appears months to years after initial tick 
bite. Due to effective and timely treatment of 
early disease, late diseases are becoming rarer 
in recent years. However, if late neurological 
disease does appear, it may affect peripheral 
nerves, spinal cord, or the brain. 

Diagnosis
Early on, diagnosis is based on the presence 

of the characteristic rash. By the time multiple 
rashes arise and the heart or nervous systems 
become involved, blood tests for IgG and IgM 
antibodies yield positive results. With late 
neurological disease like meningitis, a spinal 
tap procedure can indicate the presence of 
Lyme antibodies in the cerebrospinal fluid in 
high titers. However, blood tests are not always 
useful, since individuals who are exposed to 
Lyme bacteria but never developed Lyme disease 
will test positive in antibody tests. Nevertheless, 
blood tests remain useful for those living in an 
area endemic to Lyme disease and presenting 

with clinical symptoms including radiculopathy, 
meningitis, mononeuritis, cranial nerve palsy, 
carditis, and arthritis. Blood tests are also 
useful in excluding Lyme disease for those 
with arthritis but no circulating antibodies. 
Furthermore, in someone with Lyme-induced 
arthritis, synovial fluid drawn from a joint space 
would show PCR evidence of Borrelia bacteria. 

Treatment
Early treatment (treatment within a 

month of the tick bite) is antibiotics for two 
to three weeks. Patients usually present 
with the characteristic rash at this time. For 
neurological and heart disease, which appears 
weeks to months after tick bite, antibiotics 
are administered intravenously for 3 weeks. 
For arthritis—a feature of late Lyme disease 
occurring months to years after initial tick 
bite—antibiotics are given for 4 weeks. 

CONTACT KEVIN KANG AT KEVIN.S.KANG.18@
DARTMOUTH.EDU
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Figure 3: This figure shows a 
method of tick removal.

Source: Wikimedia Commons 
(Credit: The Center for Disease 
Control and Prevention)

“If the early disease 
is missed and 
not treated with 
antibiotics, up to 
60% of Lyme disease 
patients will develop 
late problems.”
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surgical systems: a “master” control unit where 
the surgeon operates using hand and foot 
controls while watching the surgery on a high-
quality 3D monitor, and a “slave” unit containing 
robotic arms that operate on the patient (Benyó 
et al., 2011; Johnson and Somu, 2016). In the case 
of telesurgery, the master control unit may be 
located hundreds to thousands of kilometers 
away from the patient in the operating room. 
Though the concept of telesurgery may appear 
novel or risky, the basic idea of using robots to 
carry out complex tasks from great distances 
is nothing new; it has been nearly two decades 
since NASA began operating its first Mars rover, 
Pathfinder, over 225 million km from Earth 
(Allaby, 2013). 

The concept of telesurgery originated with 
NASA in the 1970s as the space program began 
considering the possibility of operating on 
astronauts remotely (Benyó et al., 2011; Corleta 
and Ghezzi, 2016). At the time, the military was 
also keenly interested in the development of a 
platform that could be used to provide surgeries 
to soldiers in battlefield clinics. In the following 
decade, the field of telesurgery became a rich 
area of research along with initiatives promoting 
the development of minimally invasive surgery 
techniques and robotic surgical devices (Benyó 
et al., 2011). The first “master-slave system” was 
developed in the 1990s, and various robotic 
surgery devices were tested before the da Vinci® 
Surgical System gained FDA approval in 2000 
(Corleta and Ghezzi, 2016). Today, the da Vinci 
surgical system is the most widely used robotic 

Introduction
The dawn of the digital age has transformed 

the way we now receive and provide healthcare. 
Today, providers have instant access to all of 
their patients’ information, just as patients 
can connect with their providers on their 
smartphones in minutes from nearly anywhere 
in the world. These advancements fall under 
the broad category of telemedicine, the use of 
communications technologies in medicine to 
provide healthcare remotely (Kahn et al., 2016).

Telemedicine has existed for decades, 
and has seen significant growth in the last 
20 years (Kahn et al., 2016). More recently, 
advancements in both robotic surgery and high-
speed data transmission have facilitated the 
practice of telesurgery, which allows surgeons 
to operate on patients remotely. Telesurgery, 
much like telemedicine more broadly, offers 
numerous healthcare benefits including more 
timely patient access to care, greater physician 
communication and collaboration, reduction in 
healthcare and travel costs, increased efficiency, 
and the ability to provide healthcare to remote 
and underserved areas. 

What is Telesurgery?
Telesurgery, sometimes referred to as 

telerobotic surgery, is a specialized form of 
telemedicine, featuring robotic surgical devices 
that enable surgeons to operate on patients 
remotely. Most telesurgical devices consist of 
two main components common to all robotic 

Telesurgery:
Surgery in the Digital Age

Figure 1: The controls of 
robotic surgical systems 

provide surgeons with 
enhanced dexterity, precision, 

and sensitivity.

 

Source: Wikimedia Commons 
(Credit: Kemberly Groue)
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to request and benefit from the guidance of 
an expert surgeon (Anvari et al., 2005; Anvari, 
2007). Local surgeons completed the surgeries 
with confidence and most importantly great 
outcome; there were no major intraoperative 
complications and all patients had uneventful 
recoveries (Anvari et al., 2005). In addition, 
patients were enthusiastic about the ability to 
receive expert surgical care from their home 
community. All patients offered telesurgery 
accepted, and other patients began requesting 
telesurgery even when it was unnecessary 
(Anvari, 2007). 

Telesurgery is more complex in under-
resourced and underserved communities, 
however, as many currently lack robust and 
reliable networks (Felblinger et al., 2015). Here, 
telemonitoring may serve as a transition phase 
before full-scale robotic surgical systems are 
made available. In surgical telemonitoring, 
an expert surgeon remotely guides an 
inexperienced or untrained surgeon over live 
videoconferencing (Gambadauro and Torrejón, 
2013). Studies have shown that junior surgeons 
can carry out telemonitored laparoscopic 
operations with outcomes comparable to those 
of operations performed with an expert surgeon 
physically present (Gambadauro and Torrejón, 
2013). In 1999, five telemonitored laparoscopic 
surgeries were carried out aboard the USS 
Abraham Lincoln, preventing the need for an 
emergency evacuation or a trip to the shore 
(Gambadauro and Torrejón, 2013). The main 
advantages of telemonitoring over telesurgery 
are that it can be performed at a much-reduced 
cost and that it puts patients at less risk in the 
case of network outages.

The benefits of telesurgery extend beyond 

surgery system, with nearly 4,000 units installed 
worldwide, though nearly all are exclusively 
used for on-site surgeries (Benyó et al., 2011). 
Most telesurgeries performed to date have used 
robotic surgical systems that operate using 
principles similar to da Vinci, such as ZEUS®, 
RAVEN, and M7 (Benyó et al., 2011; Corleta and 
Ghezzi, 2016).

‘Far-Reaching’ Benefits
Many of the benefits of telesurgery are 

comparable to those of telemedicine in general. 
Telesurgery extends a surgeon’s sphere of 
influence from his or her local community to 
patients across the globe. Patients can now be 
connected with world-class surgeons from their 
local operating room, provided it is equipped 
with the telesurgery slave unit. This benefit is 
particularly valuable in remote areas, such as in 
developing countries where surgeons and other 
medical experts are in short supply (Marescaux 
et al., 2002). Many rural clinics, underserved 
communities, and military sites are short-
staffed, and complex emergency operations 
often first require the transport of patients to 
far-away medical centers; telesurgery allows 
surgeons to provide immediate care in these 
time-critical situations (Marescaux et al., 2002). 

Because telerobotic surgery operates 
through robotic surgical systems, it also takes 
advantage of all existing benefits of general 
robotic surgery. These benefits include increased 
dexterity, more natural hand-eye movement 
than traditional laparoscopic surgery, filtering 
of hand tremors, customizable sensitivity 
settings, and high-quality 3D visualization 
with up to 10X magnification (Corleta and 
Ghezzi, 2016). Additionally, telerobotic surgery 
simulators, such as the Virtual Reality Simulator 
dV-Trainer®, have been developed to generate 
immersive virtual reality experiences for training 
both novice and expert surgeons (Felblinger 
et al., 2014). These training opportunities 
allow surgeons to limitlessly practice realistic 
operations prior to making the first incision on 
a patient. 

Telesurgery has also been demonstrated as 
a useful platform for surgical training. Soon after 
the first successful demonstrations of telerobotic 
surgeries, a hospital-to-hospital laparoscopic 
telesurgery clinic was established in Canada to 
provide care to patients in a rural community 
400 km away (Anvari et al., 2005). In the 
clinic’s first two years, surgeons completed 21 
successful remote surgeries, nearly all of which 
involved some form of collaboration between 
the telerobotic surgeon and local laparoscopic 
surgeon (Anvari et al., 2005). The clinic noted 
that the greatest advantage of the technology 
was the ability for local surgeons, who lacked 
a formal fellowship in laparoscopic surgery, 

“The clinic noted 
that the greatest 
advantage of the 
technology was 
the ability for 
local surgeons, 
who lacked a 
formal fellowship 
in laparoscopic 
surgery, to request 
and benefit from 
the guidance of an 
expert surgeon.”

Figure 2: A surgeon in Seattle 
remotely guides the slave 
unit of RAVEN, a telerobotic 
surgical system, on Aquarius, 
19 m below sea level off the 
coast of Florida.

Source: Flickr (Credit: NASA 
Johnson)
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the typical hospital setting. Experiments 
evaluating the performance of telerobotic 
surgeries have already been performed aboard 
one of NASA’s “Zero Gravity” aircraft to 
study how weightlessness affects the prospect 
of telesurgery on astronauts (Benyó et al., 
2011). Several telemedicine and telesurgery 
experiments have also been performed on 
Aquarius, NASA’s underwater research station 
19 m below sea level off the coast of Florida. 
Most of these experiments focused on testing 
the effects of time delay on human performance 
(Benyó et al., 2011). In 2007, a surgeon in Seattle 
performed a simulated surgery over 4500 km 
away via a telerobotic system on Aquarius 
(Benyó et al., 2011). These experiments are 
important milestones in demonstrating the 
feasibility of telesurgery not only in space and 
underwater laboratories, but also in remote and 
underserved areas which may lack traditional 
operating rooms or full-scale telerobotic 
surgical systems. 

Current Obstacles
Despite its many promises, telesurgery 

currently faces several limitations preventing 
its wider use. The most significant issue is 
latency, the time from the surgeon’s initiation 
of a movement to the corresponding movement 
appearing on the surgeon’s screen (Marescaux 
et al., 2002). More colloquially known as “lag 
time,” latency demonstrably impacts surgical 
performance, and has therefore been the 
focus of the majority of telesurgery feasibility 
experiments to date (Marescaux et al., 2002; 
Felblinger et al., 2014; Felblinger et al., 2015). 
Latency is largely dependent on the distance 
between the master and slave units (Benyó et 
al., 2011). Until research demonstrates that 
telerobotic surgeons are consistently able to 

provide the same quality of care with existing 
latencies as local robotic surgeons, telesurgery 
will be limited in influence to nearby hospitals 
rather than a global network.

A 2014 study evaluated the performance 
of 16 medical students in completing a series 
of simulated telesurgery tasks, including 
dissection and suturing (Felblinger et al., 2014). 
Latencies between 0 and 1000 ms were randomly 
introduced, and subjects were evaluated in 
categories including task completion time, 
number of errors, and fluidity of motion. The 
study found that overall performance decreases 
exponentially with increasing latency. The 
researchers concluded that latencies ≤ 200 ms 
are ideal for telesurgery, and latencies up to 300 
ms, roughly the length of a blink, are suitable 
(Felblinger et al., 2014, Goldstein et al., 1984). 
Other studies have found that task completion 
time increases significantly only at latencies ≥ 
500 ms, but that error rate remains low (Croome 
et al., 2006). More research is necessary to 
determine guidelines for acceptable latencies in 
clinical practice. 

The 2014 simulation study also found that 
after 20 hours of training, subjects became 
experts conducting telesurgery with the full 
range of latencies, an effect that has been 
demonstrated in other telesurgery experiments 
on latency (Felblinger et al., 2014, Felblinger et 
al., 2015, Doarn et al., 2014). These finding are 
in contrast with other reports that contend 
effective sensory motor adaptation cannot occur 
at > 300 ms (Croome et al., 2006). Robot-assisted 
telesurgery is a proposed theoretical solution 
for cases in which latencies are greater than 300 
– 500 ms. Robot-assisted telesurgery relies on 
predictive algorithms that combine information 
about the environment with the surgeon’s 
movements (Benyó et al., 2011, Croome et al., 

“These experiments 
are important 
milestones in 

demonstrating 
the feasibility of 
telesurgery not 

only in space 
and underwater 

laboratories, but 
also in remote and 

underserved areas...”

Figure 3: A surgeon (not 
shown) operates on a patient 

via the four surgical arms 
of the da Vinci Surgical 

System at William Beaumont 
Army Medical Center in the 

Department of Defense

Source: Wikimedia Commons 
(Credit: Marcy Sanchez)
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Source: Wikimedia Commons, Credit: AMF2718

use of telesurgery in environments lacking 
robust communication networks. Bandwidth 
refers to the amount of data transmitted per 
given amount of time. An insufficient amount 
of bandwidth leads to buffering and incomplete 
data transmission, an obvious safety concern 
for telesurgery. Given current limitations in 
latency and bandwidth, telesurgery effectively 
requires dedicated networks (Felblinger et al., 
2015). In Canada’s first dedicated telesurgery 
clinic, the system operated using an Internet 
Protocol-Virtual Private Network (IP–VPN) 
with Quality of Service (QOS) (Anvari et 
al., 2005). This system is designed such that 
telesurgery communications take priority over 
all other network traffic, and features a fully 
redundant backup line. Another reliable and 
secure networking solution for telesurgery is 
asynchronous transfer mode (ATM) technology, 
which features exceptionally high speeds and 
large bandwidth capabilities of 10 Mbps or 
more (Marescaux et al., 2002). However, ATM 
technology requires additional infrastructure, 
unlike IP–VPN with high priority QOS.

A final, major limitation that telesurgery 
faces is its prohibitive cost. ATM lines cost 
$100,000 to $200,000 and telerobotic surgical 
systems range from $1-2 million (Marescaux et 
al., 2002). These high costs are difficult to justify 
based on clinical outcomes alone, and are far 
too high for many rural and underserved clinics 
(Corleta and Ghezzi, 2016). However, improved 
access to surgical care, expansion into a global 
patient base, and increased efficiency all have 
the effect of lowering overall cost. Moreover, 
as with other expensive technologies, such as 
air travel and rockets, reusability effectively 

2006). This added information facilitates the 
surgeon’s efforts to create more fluid movements 
(Benyó et al., 2011, Croome et al., 2006). With 
current technologies, telesurgeries could 
feasibly be performed on astronauts at distances 
up to 380,000 km, roughly the distance to the 
moon (Benyó et al., 2011). The main limitation 
with telesurgeries at these distances is light-
speed data transmission, leading to latencies of 
500 – 2000 ms; telesurgery would be limited to 
simple procedures in cases of emergency (Benyó 
et al., 2011; Johnson and Somu, 2016).

Though measurable, latencies from some of 
the first successful telesurgeries fall well within 
acceptable limits. The first transatlantic robot-
assisted telesurgery occurred in 2001 when 
surgeons in New York removed the gallbladder 
of a patient in France (Marescaux et al., 2002). 
Latency was a constant 155 ms throughout the 
54-minute procedure (Marescaux et al., 2002). 
About 80 ms of the latency was due to round-
trip delay and the rest was due to either video 
coding and decoding or conversion of the data 
stream for transport over internet (Marescaux 
et al., 2002). Ultimately, the patient suffered 
no post-operative complications and all three 
surgeons in New York rated their perception 
of the operation’s safety a 10/10 (Marescaux 
et al., 2002). Similarly, latency for more than 
20 surgeries in Canada’s first telerobotic clinic 
averaged between 135 – 140 ms, though only 14 
ms was due to round-trip delay (Anvari et al., 
2005). The surgeons reported this delay to be 
noticeable but easily adapted to, and felt well-
equipped to carry out the full range of complex 
surgical tasks required (Anvari et al., 2005). 

Along with latency, bandwidth limits the 

“A final, major 
limitation that 
telesurgery faces 
is its prohibitive 
cost. ATM lines cost 
$100,000 to $200,000 
and telerobotic 
surgical systems 
range from $1-2 
million.”

Figure 4: Dr. George Kallingal 
performs a pediatric robotic 
surgery at Brooke Army 
Medical Center while Dr. 
Thomas Novak observes.

Source: Flickr (Credit: Army 
Medicine Flickr)
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lowers net cost per use. Finally, the cost of the 
technology is expected to decrease in coming 
years, making telesurgery systems accessible 
to a wider number of institutions and patients 
(Corleta and Ghezzi, 2016).

Future Directions
Telesurgery, a specialized form of 

telemedicine, enables surgeons to operate on 
patients remotely via robotic surgical systems. 
Telesurgery provides improved patient access 
to surgical care while facilitating surgical 
collaboration and training opportunities. 
Applications of telesurgery extend to aquanauts 
in underwater laboratories and astronauts as far 
as the moon. The biggest challenge telesurgery 
faces today is latency, and while a consensus 
has not yet been reached on acceptable latencies 
for operating, dozens of successful telesurgeries 
have already been performed around the world. 
In addition, the networking infrastructure 
requirements and telerobotic surgical systems 
are currently prohibitively expensive for many 
clinics. As technologies continue to improve, 
including the development of faster computer 
networks with higher bandwidth capabilities, 
and costs fall, telesurgery is likely to become 
more widely used.

CONTACT DYLAN CAHILL AT DYLAN.J.CAHILL.18@
DARTMOUTH.EDU
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“Telesurgery 
provides improved 

patient access to 
surgical care while 
facilitating surgical 
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opportunities.”
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Figure 5: Robotic surgery 
simulators are routinely 

used to create immersive, 
realistic training experiences. 

Here, resident Bruce Rivers 
uses a virtual reality surgical 

simulator to practice an 
ophthalmology surgery.

Source: Flickr (Credit: Army 
Medicine Flickr)
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The World of Placebos
BY ZACHARY WANG ’20

Introduction
The Placebo Effect is a fascinating but 

poorly understood mystery of medicine and 
human biology. Its workings continue to 
surprise scientists and patients everywhere. 
This is a brief introduction to the placebo effect 
from its early roots to current issues and new 
discoveries in the field.

Then...
The First “Placebo”

In the 16th century, religious authorities 
conceived of a unique way to test whether or 
not someone was actually possessed (Lemoine, 
2015). When individuals showed questionable 
signs of diabolical possession, they would be 
given false relics. If the “possessed” acted as 
if they were real, the healer would be able to 
deduce that the seizures or other symptoms 
were either fake, or the result of an overactive 
imagination. In this manner, one of the earliest 
documented instances of using an ineffectual 
replica of a real treatment was conceived.

The First “Actual” Placebo
In 1752, James Lind, a doctor in the Royal 

Navy, published “A Treatise of the Scurvy” in 
which he unknowingly performed the first 
recorded use of placebo groups (Lemoine, 2015). 
The inventor of what would one day be called 
a “controlled trial,” Lind selected 12 sailors 

suffering from scurvy and divided them into 
groups of two, assigning each group one of six 
different treatments. The groups received either 
cider, an elixir of vitriol (sulfuric acid), vinegar, 
seawater, lemons and oranges, and, lastly, a 
mixture of garlic, mustard, and horseradish 
root, respectively. The sailors in the lemons and 
oranges group healed in days as well as those 
in the cider group, though not as quickly. The 
other four groups were the placebo groups, and 
their treatment proved to be fatal. Ethically, 
one would hope that Dr. Lind did not intend to 
kill the other four groups, given the substances 
administered were considered therapeutic at the 
time, though not for the treatment of scurvy.

Medicine Embraces the Placebo
It took until 1785 for the term “placebo” 

to first show up in the Motherby’s New 
Medical Dictionary, where it is defined as “a 
commonplace medication or method” (Lemoine, 
2015). The word “commonplace” should 
probably be taken to mean “overused and 
unimportant.” The first time the word appeared 
in its modern form was 1958, after the advent of 
double-blind controlled trials with randomized 
assignment. From this point on, placebos gained 
scientific respectability in contrast to the earlier 
connotation of pseudoscience.

The Discovery of the Placebo Effect

PSYCHOLOGY

Figure 1: Drugs earlier 
approved by the FDA (such as 
Prozac) are now failing further 
tests due to the placebo effect.

 

Source: Wikimedia Commons 
(Credit: Tom Varco)
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In a famous article published in the Journal 
of the American Medical Association in 1955, 
using data from 15 studies encompassing 1082 
patients with varied types and degrees of 
pain, Henry K. Beecher showed that a placebo 
analgesic is effective, on average, in 35.2% of 
cases, though individual studies ranged from 4% 
to 86% efficacy (Beecher, 2015). Pain that was 
least natural in origin, i.e. experimental pain 
triggered in a laboratory on healthy subjects, 
was least responsive to placebos whereas 
natural pain, like chest pain, was most sensitive 
to placebos. Since then, countless publications 
have quantified the effectiveness of placebos 
and the existence and importance of the 
placebo effect, varying with the patient’s and 
physician’s awareness of the placebo. Thus, the 
placebo effect gained fame as an impressive feat 
of human biology and legitimacy in the eyes of 
the medical community. 

...and Now
The Ailing Pharmaceutical Industry
The Problem:

Merck was in trouble. In 2002, the 
pharmaceutical giant was rapidly falling behind 
its competitors in sales (Silberman, 2009). To 
make matters worse, patents on five best-selling 
drugs were about to expire, allowing cheaper 
generics to flood the market. The company had 
not introduced a truly new product in three 
years, and its stock was plummeting. In an 
interview, Edward Scolnick, Merck’s research 
director at the time, described his plan to bring 
Merck back to the top. Fundamental to this 
strategy was a new focus on antidepressants, a 
field where Merck had previously lagged behind 
its competitors who were making some of the 
most profitable drugs such as Zoloft, Prozac, 
and Xanax in the world (Grohol, 2016). This 
plan hinged on an experimental antidepressant 
codenamed MK-869. And though still in clinical 
trials, it was shaping up to be a blessing to Merck 
and its leadership. The drug exploited human 
brain chemistry in brilliant and innovative ways 
with little to no side effects. It tested brilliantly 

early on, and Merck representatives showed 
off its amazing potential at a meeting of 300 
securities analysts (Silberman, 2009).

Though doing well on the surface, MK-869 
was starting to falter (Drugs in R & D, 2002). 
Although many test subjects felt that the drug 
lifted their sense of hopelessness and anxiety, 
nearly the same number of subjects did so as 
well with a placebo. Thus, Merck’s foray into 
antidepressants failed. In further testing, MK-
869 proved to be no more effective than placebos.

Merck’s MK-869 wasn’t the only highly 
anticipated medical breakthrough undone by 
the placebo effect (McGoey, 2010). From 2001 
to 2006, the percentage of new products pulled 
from development after Phase II trials, where 
they are first tested against placebos, shot up 
20%. Failure in the more extensive Phase III trials 
rose by 11%. So despite unprecedented amounts 
of investment in research and development, 
the FDA only approved 19 original remedies 
in 2007—the fewest since 1983—and 24 in 2008. 
Half of all medications that fail in late-stage 
trials are undone due to their inability to beat 
out a simple sugar pill.

The Consequences:
What’s the fallout of this phenomenon? 

Fewer new medicines are becoming available 
to suffering patients and further financial 
woes troubling the pharmaceutical industry 
(Silberman, 2009). In November of 2009, a new 
type of gene therapy for Parkinson’s disease, 
championed by the Michael J. Fox Foundation, 
was abruptly withdrawn from Phase II trials 
after unexpectedly tanking against placebo. A 
stem-cell startup called Osiris Therapeutics got 
a drubbing on Wall Street that March, when it 
suspended trials of its pill for Crohn’s disease, 
an intestinal ailment, citing an “unusually high” 
response to placebo. Two days later, Eli Lilly 
broke off testing of a much-touted new drug for 
schizophrenia when volunteers showed double 
the expected level of placebo response.

And it’s not just new drugs that are failing 
against placebos. Products that have been 
available for decades, like Prozac, are now failing 
in more recent follow-up testing (McGoey, 
2010). If these same drugs were being developed 
now, they may not pass FDA approval. 

According to drug developers, it’s not that 
the old medications are getting weaker, but that 
the placebo effect, a beneficial effect produced 
by an inert placebo drug or treatment, is getting 
stronger (Spiegel, 2010). And it appears that the 
placebo effect is not just becoming stronger, but 
also increasing in breadth.

Effectiveness of Open Label Placebos
Linda Buonanno had suffered 15 years of 

“Pain that was least 
natural in origin, 
i.e. experimental 
pain triggered in 

a laboratory on 
healthy subjects, 

was least responsive 
to placebos whereas 

natural pain, like 
chest pain, was 

most sensitive to 
placebos.”

Figure 2: Pharmaceutical 
companies like Merck are 

facing the consequences of 
the increasingly powerful 

placebo effect, as well as their 
customers.

 

Source: Wikimedia Commons 
(Credit: Merck KgaA)
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intense cramps, bloating, diarrhea and pain she 
describes as “worse than labor” (Fleming, 2017). 
She was willing to try anything to get relief 
from her irritable bowel syndrome (IBS) and 
leapt at the chance to take part in a trial of an 
experimental new therapy. Her hope turned to 
disappointment, however, when the researcher 
handed her a bottle of capsules he described 
as placebos containing no active ingredients. 
Nonetheless, she took the pills twice daily. 
Four days later, her symptoms all but vanished. 
“I know it sounds crazy,” says Buonanno, of 
Methuen, Massachusetts. “I felt fantastic. I knew 
they were just sugar pills, but I was able to go 
out dancing and see my friends again.” Placebos 
have a reputation problem. It is widely believed 
they are only effective when those taking them 
are deceived into thinking they are taking real 
drugs. However, prescribing dummy or fake 
treatments is unethical. Yet in Buonanno’s case 
there was no deception and she experienced 
substantial relief. And she is not alone.

On the 27th of April 2017, clinical 
epidemiologist Dr. Jeremy Howick and a group 
of other scientists working out of the University 
of Oxford, Harvard Medical School, and multiple 
psychology departments published the Effects 
of placebos without deception compared with no 
treatment (Charlesworth, 2017). A meta-analysis 
and review of five research studies covering 260 
patients, showing the effectiveness of “open-
label” placebos for a number of health issues. 
“Open-label” placebos are normal placebos, 
except that patients know that they’re placebos. 

Howick writes “[normally] we have to believe 
they are “real” treatments, which means the 
doctor would have to lie to us and say that the 
placebo was actually a real treatment. Or, in the 
case of a clinical trial, that it might be a real 
treatment. After all, if a doctor handed you a pill 
and said, ‘this is just a sugar pill’, you’d probably 
assume it wouldn’t work. But sometimes our 
assumptions are mistaken” (2017). Previously, 
the belief was that the placebo effect only 
worked when patients believed they were 
taking real medicine. With this study, this is no 
longer necessarily the case.

According to Howick, “the history of open-
label placebos can be traced back to at least 
1965 when Baltimore doctors, Lee Park and Uno 
Covi, gave open placebos to 15 neurotic patients. 
They told the patients: ‘Many people with your 
kind of condition have been helped by what are 
sometimes called sugar pills and we feel that a 
so-called sugar pill may help you too’” (2017). 
Many of the patients got better. Paradoxically, 
since these were neurotic patients, they thought 
that the doctors had lied to them and given 
them real drugs.

The first study reviewed was led by 
Professor Ted Kaptchuk, of Harvard Medical 
School, who gave 80 IBS patients, including 
Buonanno (Fleming, 2017), either no treatment 
or open-label placebo pills (Charlesworth, 
2017). He found those who took placebos for 
three weeks experienced greater improvements 
in symptoms, including less severe pain. In 
another of the studies in Howick’s review, 

“Previously, the 
belief was that 
the placebo effect 
only worked when 
patients believed 
they were taking 
real medicine. With 
this study, this is no 
longer necessarily 
the case.”

Figure 3: Pavlov’s dogs and 
their keepers. Ivan Pavlov 
demonstrated classical 
conditioning by training dogs 
to salivate by association.

Source: Wikimedia Commons 
(Credit: Wellcome Images)
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effects can benefit many patients it is probably 
unethical not to exploit them.”

The placebo effect, though already poorly 
understood and mysterious, seems to be 
evolving in strength and breadth right before 
our very eyes. A few months ago, most were 
confident that placebo effects only occurred 
when patients were unaware they were taking 
a placebo. And yet recently we learned that 
wasn’t the case. The consequences of the 
placebo effect’s “new abilities” are far-reaching 
and represent a double-edged sword. On the one 
hand, people who find no succor from presently 
available pharmaceuticals may now find relief. 
On the other hand, many people who need new, 
upcoming treatments may have their hopes 
dashed by a sudden discontinuity of research 
into a treatment. Just as our understanding 
of the placebo effect seems to be evolving, 
so is its future role in medicine. Will we find 
it to be an enemy, stealing hope away from 
anxious patients? Or will we find in it a novel 
and previously-untapped base for treatment, 
helping doctors assist suffering patients without 
harsh side-effects?

CONTACT ZACHARY WANG AT ZACHARY.Z.WANG.20@
DARTMOUTH.EDU
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“Fortunately, the 
review of open-
label placebos 
demonstrates 

something more 
general: placebo 

effects are real 
for many common 

conditions and 
people can use 

the placebo effect 
without placebo 

pills.”

D

chronic lower back pain patients openly given 
dummy pills to add to their existing treatments 
reported an average 30% pain reduction. In 
the three other review studies, people given 
open-label pills reported reduced symptoms 
for depression, lower back pain, and attention 
deficit hyperactivity disorder.

“Open-label placebos probably work in two 
ways,” writes Howick. “The first is expectation. 
Open-label are usually given with a positive 
suggestion: the doctor will tell the patient the 
pill is just a placebo but adds that it ‘produces 
significant improvement for patients like you’. 
This positive suggestion creates a positive 
expectation, which can activate the reward 
mechanisms in the brain and help the body 
produce its own pain-reducing substances, such 
as endorphins” (2017).

The second possible explanation is 
conditioning. Pavlov was a Russian physiologist 
who accidently discovered the phenomenon 
of classical conditioning while studying dogs’ 
gastric systems (Specter, 2014). He found that 
dogs would salivate when they heard or smelled 
food in anticipation of feeding. This is an expected 
response given the role of saliva in digestion. 
However, the dogs also began to salivate when 
events occurred which would otherwise be 
unrelated to feeding. By playing sounds to the 
dogs prior to feeding them, Pavlov showed that 
they could be conditioned to associate neutral, 
unrelated events with being fed. Just as Pavlov’s 
dogs learned to associate the sound of a bell 
with food and began salivating whenever they 
heard the bell, most of us have been conditioned 
to expect a positive outcome when a trusted 
doctor gives a treatment. “So even though we 
know a pill is a placebo,” Howick writes, “our 
bodies may react in a way that helps us heal. 
There have been several studies, including one 
in humans, showing that the immune system 
can be activated much in the same way that 
Pavlov’s dogs salivated at the mere sound of a 
bell” (2017).

Since open-label placebos have been shown 
to improve symptoms, should they be made 
available? After all, they seem to help people 
with nowhere else to go, like Buonanno, and 
have no side effects being made from sugar 
or other harmless substances. According to 
Howick, no (2017). “That may be unwise because 
it would support a pill-popping, overmedicalized 
culture.” Fortunately, the review of open-label 
placebos demonstrates something more general: 
placebo effects are real for many common 
conditions and people can use the placebo effect 
without placebo pills. Doctors who give positive 
messages and take time to communicate with 
enhanced empathy to patients can bring about 
positive benefits with or without pills. “Far from 
being unethical,” Howick says, “since placebo 
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Introduction 

Alzheimer’s disease (AD) is a progressive 
neurodegenerative disease that primarily affects 
individuals above the age of 65 and is often 
associated with memory loss, one of its chief 
symptoms. Although it was first discovered by 
Alois Alzheimer in 1906, AD has only recently 
garnered attention proportionate to the impact 
it is expected to have as the world’s population 
ages at increasing rates (National Institute 
on Aging, 2016). Despite the certainty of this 
its importance, there is much the medical and 
scientific communities do not know about the 
etiology of this disease. This paper will discuss a 
few of the reasons for this lack of knowledge by 
specifically describing the definite but unclear 
influence of genetics and pathology on the 
clinical symptoms of AD.

As previously mentioned, its hallmark 
symptom is memory loss, specifically the 
inability to retain novel information (National 
Institute on Aging, 2016). Other symptoms 
include disorientation, problems with speaking 
and swallowing, and behavioral changes, the 

last of which are often the most burdensome 
on the individual’s relationships with others 
(National Institute on Aging, 2016). AD is the 
most common type of dementia, and currently 
affects over 5 million Americans (National 
Institute on Aging, 2016). 

Understanding the Disease
Given its current and expected future 

prevalence, there is a clear need for an 
understanding of the underlying causes of 
this disease, for it is what occurs within 
(and beyond) the human body that leads to 
these devastating symptoms. Indeed, many 
researchers have responded swiftly to this 
call to arms: a search on PubMed’s database 
using the keywords “Alzheimer’s disease” 
indicated that 7,617 articles were published on 
this topic in 2016 alone. Despite this recently 
demonstrated scientific interest, the largest 
questions of influence remain. Two of the major 
questions that will be explored in this paper 
involve pathology and genetics.

Questions about the influence of a disease’s 

Uncertain Influences: Genetics, 
Pathology, and Alzheimer’s Disease

Figure 1: High magnification 
micrograph showing 
Alzheimer type II astrocytes.

Source: Wikimedia Commons 
(Credit: Nephron)
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pathology often seem unnecessary, for it is the 
very study that is pathology seeks to explain 
the causes of clinical symptoms. But when the 
nature of the pathology itself is complex, the 
matter becomes more complicated. Here, the 
symptoms of AD are caused by the large-scale 
death of neuronal cells in the brain, causing 
what often appears to be a shrunken version of 
the “normal” human brain (National Institute on 
Aging, 2016). However, what is the cause (i.e. 
pathogenesis) of this sweeping cell loss? When, 
how, and why does this pathology result? While 
there are no definite answers to this question, 
many experts would bring up two compounds 
with measurable physical presence in the brains 

of those with AD: amyloid-beta and tau, often 
collectively deemed, “plaques and tangles.” 
Despite their noted association with AD, these 
proteins have been subject to many questions 
their specific influence. Amyloid-beta has 
received the majority of the attention, and will 
be further described below.  

Amyloid-beta (Aβ) is a protein found in the 
form of extracellular plaques, and is thought 
to be largely unique to AD (Agamanolis, 2016). 
Over a century since the disease’s discovery, the 
detection of Aβ is still used to make a definitive 
diagnosis upon autopsy because. Barring recent 
technological advances, there has not existed a 
means of observing these plaques in living tissue. 
Despite not offering diagnostic assistance, this 
method of studying Aβ has allowed scientists 
to characterize the protein and has resulted 
in a few important claims frequently made. 
First, Aβ is a transmembrane protein that is 
also a segment of a much larger protein called 
Amyloid Precursor Protein (APP), whose 
function in the body has yet to be determined 
(Agamanolis, 2016). When APP is improperly 
cleaved by a pair of enzymes, the product is 
Aβ, which is then able to accumulate and form 
among cells. In addition to simply accumulating 
in the brain, Aβ is also dangerous to neurons 
in a few specific ways. First, it disrupts long 
term potentiation, a process that strengthens 
connections between communicating neurons 
(Purves et al., 2001). Second, it harms synapses, 
the physical spaces that link neurons (Purves et 
al., 2001). Ultimately, the toxicity of Aβ plaques 
can result in death of neurons specifically in 
areas of the brain associated with functions 
impaired by AD (Agamanolis, 2016). The entire 
process, beginning with APP and ending with 

Figure 2: Auguste D, the first 
patient diagnosed with the 

disease that would come to 
be named after the physician 

Alois Alzheimer.

Source: Wikimedia Commons

Figure 3: Amyloid-beta 
plaques observed in the 

brain of an individual with 
Alzheimer’s disease.

Source: Wikimedia Commons 
(Credit: User KGH)
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“Perhaps the most 
surprising is that 
up to 40% of elderly 
without dementia 
have been shown 
to possess AD 
pathology.”

failure rate of 99.6% (Burke, 2014). Furthermore, 
these pharmaceuticals often seem to remove 
the physical traces of Aβ plaques in affected 
individuals, yet their symptoms remain. To 
explain this finding, some have essentially argued 
that removing amyloid after clinical symptoms 
emerge is too late, and that if these drugs were 
administered earlier, perhaps they would have 
more success (Burke, 2014). Using this same 
reasoning, the finding above—that individuals 
without dementia can also show pathology—
can also be explained: maybe these individuals 
were on track to develop symptomatic AD had 
they not died before its onset (Morris, Clark, & 
Vissel, 2014). This assertion is complicated, and 
almost every claim or theory in this field, calls 
for additional refinement.

In a related vein, there are many important 
questions regarding the influence of genetics 
on the development of AD symptoms. The role 
of genetics cannot be adequately explained 
without first understanding the division 
between two types of Alzheimer’s disease: early 
onset (EOAD) and late onset (LOAD). EOAD 
comprises roughly 5% of all AD cases, and can 
affect individuals at a much younger age range 
than LOAD (Agamanolis, 2016). Beyond the 
time of onset, these subtypes differ primarily in 
their connections with genetics: EOAD has been 
found to be caused genetic mutations, whereas 
no such causal link has been found for LOAD 
(Hutton, Pérez-Tur, & Hardy, 1998). 

Specifically, EOAD is caused by mutations 
in the genes that directly affect Aβ production. 
One set of mutations is on the gene that codes 
for APP itself, a gene found on chromosome 
21; another, more common variety, involves 
mutations are on two presenilin genes on 
chromosome 14, genes that are thought to 

clinical symptoms of AD, is often called the 
“amyloid cascade hypothesis.”

Weaknesses of the Amyloid 
Cascade Hypothesis

Despite this logical link, there are a few 
critical findings that the amyloid cascade 
hypothesis has been unable to explain thus far. 
Perhaps the most surprising is that up to 40% 
of elderly without dementia have been shown 
to possess AD pathology (Morris, Clark, & 
Vissel, 2014), sometimes including Aβ at levels 
comparable to those of individuals with clinical 
symptoms of dementia (Swerdlow, 2007). How 
is this consistent with the link clearly explained 
by the amyloid cascade hypothesis? There 
are several possibilities. One is that there are 
multiple forms of Aβ, and only one—or some—is 
responsible for symptoms. Another is that Aβ 
does not actually cause symptoms at all, but is 
instead produced by the process that does cause 
them (Morris, Clark, & Vissel, 2014). Yet another 
option is that other factors, perhaps external 
to the brain, counteract the development of 
symptoms that would normally occur due 
to Aβ accumulation. This third possibility is 
heavily implicated with the theory of “cognitive 
reserve,” which suggests that individuals may 
accrue tolerance for AD pathology over time 
based on various lifestyle features (Morris, 
Clark, & Vissel, 2014). 

Clearly, this finding indicates a need for 
resolution among experts. Another finding 
making a similar demand is the high failure rate 
of pharmaceutical drug trials that take as their 
basis the influence of Aβ. A study examining 
drug trials between 2002 and 2012 determined 
out of 244 Alzheimer’s drugs tested in 413 trials, 
only one was eventually approved, resulting in a 

Figure 4: A healthy brain (left) 
compared with the shrunken 
brain characteristic of 
Alzheimer’s disease (right).

Source: Wikimedia Commons 
(Credit: Garrondo)



DARTMOUTH UNDERGRADUATE JOURNAL OF SCIENCE24

also influence Aβ production (Hutton, Pérez-
Tur, & Hardy, 1998). Thus, through direct or 
indirect impact, these mutations in EOAD are 
themselves crucial for the maintenance of the 
amyloid cascade hypothesis. Furthermore, 
they are inherited in an autosomal dominant 
pattern, meaning that only one inherited copy 
is sufficient for an offspring to develop the 
disease (Hutton, Pérez-Tur, & Hardy, 1998). 
The complexity emerges, however, when 
examining the other 95% of AD cases, for this 
straightforward pattern ceases to hold in LOAD. 
Thus far, no genetic mutations have found to be 
definitive causes of LOAD; instead, researchers 
have been able to identify a susceptibility gene: 
ApoE. 

ApoE controls production of the ApoE 
protein, which is thought to be involved in 
repairing the brain after damage (Hutton, Pérez-
Tur, & Hardy, 1998). It is found on chromosome 
19 and exists in three forms, or alleles: ϵ2, ϵ3, 
and ϵ4. Of these, the ϵ4 allele has been shown 
to increase susceptibility of AD, and to do so 
in a “dose-dependent manner,” meaning that 
inheriting two copies of this allele increases 
risk more than inheriting one copy (Ertekin-
Taner, 2007). This was demonstrated in a study 
that found that 55% of subjects with two copies 
developed AD by age 80, compared with 27% of 
subjects with an ϵ3/ ϵ4 pair, and with 9% of those 
with two copies of ϵ3 (Ertekin-Taner, 2007).

Conclusion
Although this evidence is quite compelling, 

there are nevertheless unanswered questions. 
One concerns the heterogeneity of ApoE’s 
influence. Specifically, most studies conducted—
including the one mentioned above—
predominantly rely on Caucasian subjects. 
Studies that have focused on African-American 
and Hispanic populations have found a much 
weaker association, or even no association at all 
in some cases (Ertekin-Taner, 2007). Researchers 

have hypothesized that this observation could 
be due to genetic and environmental factors 
and interactions that affect distinct populations 
differently. Ultimately, it has been estimated 
that the ApoE ϵ4 allele imparts a risk of 20-
70%, a range that evokes the uncertainty 
characterizing not only this issue but the field in 
general (Ertekin-Taner, 2007).

The questions that arise in determining the 
cause(s) of AD are complicated and multifaceted. 
Those involving pathogenesis and genetics are 
some of the most studied, but do not exhaust all 
the avenues of inquiry researchers and clinicians 
are taking. For example, many have turned 
towards a closer examination of environmental 
factors, and others have chosen to focus not 
on the causality of AD but rather on equally 
important questions regarding the quality of 
life of those living with dementia. Each area is 
critical in understanding this highly complex 
and common disease, and one can hope that 
with resources, time, creativity, and persistence, 
strides can be made in the near future. 
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“One [unanswered 
question] concerns 

the heterogeneity 
of ApoE’s influence. 

Specifically, most 
studies conducted... 

predominantly 
rely on Caucasian 

subjects.”

Figure 5: A typical brain 
image taken using Positron 

Emission Tomography (PET) of 
an individual with Alzheimer’s 

disease.

Source: Wikimedia Commons 
(Credit: National Institutes of 

Health)

D



SPRING 2017 25

Going for the Trunk
BY NICHOLAS NORWITZ ’18

Summary
Although angiogenesis (new blood vessel 

formation) is an absolute requirement for tumor 
growth, therapies designed to treat cancer 
by targeting specific angiogenic factors have 
had limited success. One theory is that there 
are many different angiogenic factors that 
can compensate for the loss of a single factor. 
Therefore, a more effective strategy may be to 
move upstream, identify a factor that regulates 
the expression of many different downstream 
angiogenic mediators, and then measure the 
effect of blocking this single common factor on 
angiogenesis-mediated tumor growth.

What is Angiogenesis?
In 1971, Dr. Judah Folkman observed 

that, without new blood vessel formation, 
tumors arrest at a threshold size of 2-3mm 
(Folkman, 1971; Hanahan and Weinberg, 2000). 
Folkman also discovered that tumors release an 
angiogenic promoting paracrine factor, which 
he called tumor-angiogenesis factor (TAF), and 
hypothesized that blocking TAF signaling might 
serve as an effective cancer therapy (Folkman, 
1971). 

As angiogenesis is regulated by a balance 
between pro-and anti-angiogenic molecules, 
the basis of Folkman’s hypothesis was sound. 
Therapies that shift the balance away from pro-
angiogenic signals will impair tumor growth. 
However, the problem is more complicated. 
Scientists have discovered an abundance of 
pro-angiogenic factors, including vascular 
endothelial growth factor (VEGF), epidermal 
growth factors (EGFs), transforming growth 
factors (TGFs), tumor necrosis factor (TNF), 
fibroblast growth factors (FGFs), platelet-derived 
growth factor (PDGF), hepatocyte growth factor 

(HGF), angiopoietins, and various chemokines 
(Ferrara, 2002; Bouis et al., 2006). 

While different tumors promote angiogenesis 
by relying on different combinations of these 
factors, it is possible to develop therapies that 
effectively block angiogenesis by targeting 
specific angiogenic molecules (Fernando et al., 
2008; Casanovas et al., 2005; Kopetz et al., 2010). 
The most studied angiogenic factor is VEGF. 
Many different approaches have been developed 
to target VEGF signaling including monoclonal 
antibodies and receptor blockers. While many 
of these therapies are initially effective, tumors 
are soon able to compensate by up-regulating 
other pro-angiogenic factors and overcoming 
this angiogenic blockade (Casanovas et al., 2005; 
Kopetz et al., 2010).

Modern Attempts to Inhibit 
Angiogenesis

Modern medicine has been trying to kill 
the cancer tree by chopping at the ends of its 
thinnest branches, and this strategy has had 
only limited success. The cancer simply learns 
to rely on other branches in order to grow. 
The work of Dr. Anil Sood et al. published in 
Nature in February 2016, concentrates on a new 
approach that is fundamentally different from 
previous therapies in that it emphasizes choking 
the cancer tree by chopping closer to the trunk. 
By identifying and targeting the molecular fork 
from which many angiogenic signals diverge, 
we might be able to develop anti-angiogenic 
therapies that will more successfully treat 
cancer.  

The most obvious approach would be to 
inhibit transcription factors that up-regulate 
multiple downstream angiogenic factors. Sood’s 
proposed therapy essentially does just this, 
but in a clever way that takes advantage of an 

BIOLOGY

Figure 1: A novel anti-
angiogenic therapy aims 
to target the trunk, not the 
branches, of this metaphorical 
tree of angiogenic mediators. 

 

Source: Drawing by N. Norwitz

“While different 
tumors promote 
angiogenesis by 
relying on different 
combinations of 
these factors, it is 
possible to develop 
therapies that 
effectively block 
angiogenesis by 
targeting specific 
angiogenic 
molecules.”
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endogenous control mechanism to amplify the 
breadth of its effect. In humans, microRNAs 
(miRNAs) are potent negative regulators of a 
wide array of genes. miRNAs work by binding to 
the 3’ untranslated regions (3’UTRs) of specific 
mature RNA transcripts in order to prevent 
their translation to proteins. 

By correlating the expression patterns of 
many miRNAs with the degree of vascularization 
in tumor samples, Sood’s team was able to 
identify several miRNAs that were potential 
candidates for therapy. One such candidate was 
miR-192. The expression of miR-192 was found 
to correlate negatively with the expression of 
pro-angiogenic factors and angiogenesis, and 
correlate positively with patient survival.  

The next goal was to discover how exactly 
miR-192 blocks angiogenesis. Dr. Sood and 
his colleagues identified 13 potential pro-
angiogenic transcription factor targets of miR-
192. When they measured how the levels of 
these transcription factors changed in cells 
transfected with miR-192, two transcription 
factors stood out--EGR1 and HOXB9. 

To demonstrate that miR-192 impairs 
angiogenesis and tumor growth in vivo by 
blocking the translation of EGR1 and HOXB9, 
the research team devised a single elegant 
experiment. They transfected human ovarian 
cancer cells with miR-192 (or a control 
miRNA) before injecting the cells into mice. 
By monitoring tumor size, neovascularization, 
and circulating levels of EGR1 and HOXB9 
as well as those angiogenic paracrine factors 
downstream of EGR1 and HOXB9, the team 
was able to show that miR-192 impaired tumor 
growth and angiogenesis, and that miR-192 
overexpression decreased the expression of 
EGR1 and HOXB9. Superimposed on this 
experiment were additional studies in which 
miR-192 was transfected into cancer cells along 
with copies of the EGR1 and HOXB9 gene that 
lacked normal 3’UTRs. This rendered the EGR1 
and HOXB9 transcripts effectively immune to 
miR-192 and prevented miR-192 from impairing 
tumor growth or angiogenesis, demonstrating 
that EGR1 and HOXB9 are both necessary and 
sufficient to account for the anti-angiogenic 
effect of miR-192.  

The highpoint of this landmark publication 
was to show that exogenous treatment with miR-
192 could serve as a viable and effective therapy 
in a murine model of ovarian cancer. The team 
found that injecting nanoliposomes (DOPC) 
filled with miR-192 into mice recapitulated 
the anti-angiogenic effect and blocked tumor 
development by over 90% (p<0.0001), without 
any observable toxic side-effects. What’s more, 
when DOPC miR-192 therapy was compared 
to treatment with an antibody against VEGF, 
the most studied angiogenic factor and most 

Figure 2: microRNAs (miRs) 
are endogenously expressed 
noncoding RNAs that knock 

down the expression of target 
messenger RNAs (mRNAs) by 

silencing them before they can 
be translated.

Source: Wikimedia Commons 
(Credit: Narayanese)

Figure 3: Nanoparticles 
made out of amphipathic 

phospholipds allow the 
delivery of exogenous miRs 

into tumor tissue.

Source: Wikimedia Commons 
(Credit: Jesse)
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“It remains to 
be determined 
whether or not 
tumors can adapt 
to miR-192 therapy 
as they do to other 
anti-angiogenic 
therapies.”

common modern target of anti-angiogenic 
therapies, the DOPC treatment proved far more 
effective at inhibiting tumor growth over the 
course of three weeks (p<0.0001) (Hanahan and 
Weinberg, 2000; Casanovas et al., 2005; Kopetz 
et al., 2010). 

Conclusion
Although the future of miR-192 therapy 

appears promising, certain critical questions 
remain. First, it remains to be determined 
whether or not tumors can adapt to miR-192 
therapy as they do to other anti-angiogenic 
therapies. Since miR-192 blocks at least two 
transcription factors that each block substantial 
and distinct arrays of angiogenic factors, it is 
possible that miR-192 treatment might be the 
first anti-angiogenic therapy that tumors cannot 
effectively circumnavigate. Second, there is some 
indication that miR-192 treatment may serve a 
more complex role in preventing tumorigenesis. 
miR-192 is a positive regulator of the tumor 
suppressor protein p53, and loss-of-function 
mutations in this gene are known to occur 
in more than half of all cancers (Moore et al., 
2015; Lodish, 2000). Therefore, miR-192 therapy 
could in theory increase the robustness of the 
p53 DNA damage response, which may affect 
tumor development and growth. Moreover, p53 
is a positive regulator of the potent endogenous 
anti-angiogenic Thrombospondin-1, adding yet 
another layer of complexity to the potential 
anti-angiogenic benefits of miR-192 treatment.   

miRNA cancer therapy represents an 
innovative and exciting new approach for 
preventing angiogenesis and tumor growth 
and/or metastasis. Whatever the caveats and the 

unknowns, the work performed by Dr. Sood and 
his team suggests that we shift our focus from 
chopping at branches and try chopping at the 
trunk.  

  
CONTACT NICHOLAS NORWITZ AT 
NICHOLAS.G.NORWITZ.18@DARTMOUTH.EDU
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Figure 4: Certain tumors rely 
more on angiogenesis than 
others. Ovarian and kidney 
tumors rely heavily on the 
development of new blood 
vessels and were studied in 
this paper.

Source: Wikimedia Commons 
(Credit: James Heilman, MD)
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JASE DAVIS ’18, KRISTEN HINCKLEY ’17

Do the psychological theories of cognitive dissonance and selective exposure have bearing on how students 
at Dartmouth engage with news? Are students less likely to consume politically charged materials that they 
disagree with?  Results from a true randomized survey administered to all undergraduates at the College 
in the classes of 2017 and 2018 found that Democrats at Dartmouth are less likely to engage with news that 
contradicts their political beliefs at a statistically significant level. Republicans, however, were more likely to 
engage with politically disagreeable news, but not at a statistically significant level. 

Abstract

individuals and groups process ideologically incongruent concepts 
came to the forefront. Festinger posited that people seek consistency 
between their thoughts and their actions, but that inconsistencies 
inevitably arise. As people do not have perfect control over the 
information they are exposed to, Festinger states “The existence of 
dissonance, being psychologically uncomfortable, will motivate the 
person to try to reduce the dissonance and achieve consonance” 
(p. 3). To achieve such consonance, a person may change their 
actions to match their new understanding or they may change their 
understanding of the topic or the ways they consume contradictory 
information. This naturally leads into the psychological concept of 
selective exposure, first written about by Joseph Klapper in 1960. His 
study of mass media communications shifted the prevailing research 
focus in news studies from how media affects the consumer to the 
dynamic and complicated processes of how the consumer takes 
in media information. He found that news media is often used to 
affirm preexisting notions, while dissimilar information is ignored. 
The empirical research on the effects of selective exposure in 
following years had mixed results (Sears & Freedman, 1967). Sears 
and Freedman argue that experiments done at that time incorrectly 
attributed results to selective exposure when actually exposure 
was externally limited by the communities and environments 
participants lived in. They referred to this as de facto exposure.

While the literature was unable to find systematic evidence 
of selective exposure, the debate has continued into today with a 
newfound vigor. Along with the advent of the Internet came grand 

Introduction
The “echo chamber effect” refers to the process by which users of 

news outlets tend to be exposed only to a narrow selection of articles 
that best match their political ideologies. Pundits have suggested 
that some US citizens felt shocked after the 2016 election results 
because voters surrounded themselves through social media and 
news consumption with similar views and they would then expect 
that everyone shared those views. Research on the echo chamber, 
based in psychology’s theories of cognitive dissonance and selective 
exposure, is timely given the sentiments felt after the election. This 
paper investigates selective exposure among Dartmouth students by 
testing the following question: Are Dartmouth students less likely 
to engage with politically charged materials that they disagree with 
than with those with which they do agree? This paper intends to 
add to the existing research by analyzing the existence of selective 
exposure on a college campus.  

Theory
While the concept of an “echo chamber” is relatively new, the 

theories that underpin it have a rich history. Throughout the 1940s 
and 1950s, psychologists conducted numerous studies focused on 
propaganda consumption, noting that people generally avoided 
messages and rhetoric that they disagreed with. It was not until 
1953 when Leon Festinger published his seminal work, A Theory of 
Cognitive Dissonance, that a comprehensive understanding of how 

Cognitive Dissonance at Dartmouth College: 
Measuring Students’ Openness to Politically 
Incongruent Ideas

ORIGINAL RESEARCH

Source: Pixabay (Credit: aitoff)
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ideas of the “sovereign consumer” who was ready and eager to access 
the multitudes of information and entertainment available through 
the web (Bryant & Davies, 2006). However as the Internet grows, 
new pressures are shifting information outlets towards ideological 
poles. Algorithms that collect data on prior website visits create 
“filter bubbles” that recommend ideologically homophilous posts 
and sites, therefore artificially creating selective exposure (Flaxman 
et. al, 2016). Social networks have created dense inner-group ties that 
propagate complimentary information and behaviors while limiting 
exposure to crosscutting or dissonant ideas (Boutyline & Willer, 
2015). All of this has resulted in political mass media consumption 
over the Internet that conforms to pre-existing political lines (Stroud, 
2007), limiting the diffusion of ideas and strengthening of partisan 
stances.

Research Design
With the reality of polarized media communications and 

consumption through selective exposure, this study hopes to 
quantify the openness of Dartmouth College students to both 
politically consonant and dissonant ideas according to their political 
beliefs. 

To measure this, a survey, run through Qualtrics, was sent to 
every member of the 2017 and 2018 graduating classes at Dartmouth 
in February 2017. Respondents were randomly exposed to excerpts 
from a conservative leaning news article or a liberal leaning news 
article (Appendix A). The articles chosen reflected issues that had 
arisen in the 2016 President Campaign to ensure constant issue 
saliency constant across political ideologies. The articles did not 
include any defamatory remarks towards Republicans or Democrats, 
but rather expressed negative or positive opinions towards the two 
parties. 

Respondents read the news source, title, and first paragraph of 
the article to test their initial reactions to the source and to keep the 
survey short. They were then asked questions about their desire to 
continue reading the article and their beliefs on the factuality of the 
article, both on a sliding scale. Asking respondents’ their disposition 
to continue reading measured the willingness of participants to 
selectively expose themselves to the given political ideas. Inquiring 
about the respondents’ perception of factuality quantified their 
inclination to dismiss dissonant information as untrue. Furthermore, 
the survey asked respondents a series of questions about news and 

social media, as well as demographic questions about their political 
beliefs, gender, age, and race/ethnicity.

To capture respondents’ likelihood to form and participate in an 
echo chamber, a regression was run for the survey treatment and the 
likelihood of a respondent to continue reading the full article (Liberal 
Article = 0, Conservative Article = 1). This regression measures 
all respondents’ reactions to both articles simultaneously. If the 
regression coefficients are positive, this shows that the respondents 
were either more willing to read both articles, or their willingness to 
read the article that agrees with their political beliefs outweighs that 
of the politically disagreeable article. Both explanations adequately 
indicate a non-existent echo chamber and a relative openness to 
dissonant political ideas. Negative coefficients indicate that the 
respondents were not willing either full article, or that they are 
significantly less likely to read one article over the other. Given the 
salience political issues on campus, the concept that respondents 
would not read either article is cast aside. 

A similar regression was then run for the survey treatment 
and the respondents’ perception of whether or not the article is 
based in fact. Again, this model measures the effect of both articles 
simultaneously. Positive regression coefficients indicate a strong 
belief in the consonant article’s factuality or shows openness to 
contrarian ideas. Negative coefficients show that respondents do 
not believe their ideology is based in fact, or that they are inclined to 
dismiss politically challenging ideas as untrue. The explanation that 
a negative result indicates that respondents do not believe the article 
that aligns with their views is truthful is cast aside, as it does not fit 
within Festinger’s theory of cognitive consonance. 

A regression is also run for preferred news medium, self-
reported exposure to biased news sources, and prior knowledge 
of the echo chamber with race/ethnicity, socioeconomic status, 
and gender. This measures if there are any explanations of de facto 
selectivity (Sears & Freedman, 1967) at Dartmouth not captured in 
the first two models. 

Results
Results can be found in Appendix B and regressions capture 

respondents’ reactions to both articles. Table 1 shows that 
Republican respondents were more willing to continue reading the 
article, but at a statistically insignificant level. However respondents, 
who identified as Democrats, were less willing to continue reading 

Source: Taken by Joshua Tseng-Tham ’17
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the articles at a statistically significant level (p < 0.001). Results for 
all 2017s and 2018s shows students were less disposed to continue 
reading the articles at a statistically significant level (p < 0.01). The 
disproportionate number of respondents who identified as Democrat 
can explain this.

In terms of respondents’ perception of the article’s factuality 
(Table 2), Republicans at Dartmouth were slightly more likely to 
perceive the articles as based in fact, but at a statistically insignificant 
level. Democrats were less likely to believe the verity of the articles 
at a statistically significant level (p < 0.001). Again, the sample for 
all 2017s and 2018’s was less likely to perceive the articles as based 
in fact to a statistically significant level (p < 0.001) due to the heavy 
weighting of respondents identifying as Democrat.

As the statistically insignificant results for Republicans were 
unexpected, it was possible there were differences in Republican’s 
reactions depending on the strength of their political beliefs. 
Regressions for the likelihood to read full the full article presented 
and the perception of article factuality were run for the varying 
levels Republican ideologies. Table 3 shows that respondents who 
indicated they were independent Republicans or Republicans had 
statistically insignificant results for their willingness to read the full 
articles, liberal and conservative. Strong Republicans were more 
likely to read the full articles presented at a statistically significant 
level (p < 0.001). 

Table 4 shows that respondents identifying as Republican were 
more likely to perceive the articles as based in fact, but at a statistically 
insignificant level. Both independent Republicans and strong 
Republicans were more likely to believe the articles were truthful at 
a statistically significant level. It should be noted that the effect on 
the perception of the article’s factuality of strong Republicans was 
around three and a half times greater than independent Republicans.

There were no statistically significant relationships between 
news medium, consumption of biased news sources, or prior 
knowledge of the echo chamber accounting for race/ethnicity, 
socioeconomic status, gender, or partisanship. This therefore rules 
out de facto selectivity.

Conclusion
This study shows that Democrat students were less likely 

to engage with and perceive politically dissonant media 
as factual. The results for Dartmouth Republicans as whole 
did not provide statistically significant results, but those 
identifying as strong Republicans were more likely to keep 
reading the articles provided. Both strong Republicans and 
independent Republicans were more likely to perceive the 
articles presented as factual.

There was a disproportionate number of respondents 
identifying as Democrats (n=284) compared to Republican 
students (n=85). A greater number of respondents identifying 
as Republican may have helped to reduce the confidence 
interval for the regressions and create clearer results. The 
uneven distribution does not affect individual regressions 
for Republican or Democrat, but does affect the results for 
all 2017s and 2018s. The distribution of the sample is similar 
to other studies measuring political sentiments on campus 
(Agadjanian, 2017).

It is difficult to measure if the contentious United States 
Presidential Election affected the results, such as the negative 
effect for Democrats. The election of President Trump was 
marked by considerable political fervor by his supporters and 
opponents, and may have increased respondents’ inclination 

for selective exposure due to party polarization. Additionally, 
Republicans at Dartmouth may be less ideologically 
homogenous as they live through the effects of the Trump 
administration. Increased issue salience and greater exposure 
to the Republican platform may create greater political 
divergence within the group. Republican students might 
also face social pressures to conform to the status quo of 
the political distribution on campus and take in dissonant 
contradictory news in order to “fit in.” 

Further research could test the echo chamber in different 
ways. Any information indicating the news source could be 
removed to separate cognitive biases of political affiliation 
to capture respondents’ propensity to form echo chambers 
without predispositions towards the sources. Other further 
research could focus on selective exposure, providing 
respondents with more options of articles to read and having 
them choose which they want to read. 

Ultimately, this study shows that some students at 
Dartmouth are affected by cognitive dissonance and selective 
exposure when consuming news. Democrats at Dartmouth are 
likely to form echo chambers, while no significant claim can be 
made about Republicans. This undoubtedly is a simplification 
of complex dynamics but serves as an important start to 
further research.  

This study was produced for a course in the Dartmouth College 
government department taught by Professor Yusaku Horiuchi 
with the assistance of Cindy Vivanco and Michael Kaiser. We 
are deeply appreciative for all of their contributions, thank you.
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Appendix A: Articles Used

Conservative- 
“Duncan: America’s Reality Check”. 2016. The Dartmouth. http://www.
thedartmouth.com/article/2016/11/duncan-americas-reality-check.

Liberal- 
Prescott, Samuel. 2016. “The Dartmouth Review » In Defense Of Milo 
Yiannopoulos”. Dartreview.com. http://www.dartreview.com/in-defense-of-milo-
yiannopoulos/.

Appendix B: Tables of Results

Tables 1-4 are shown on p. 31 (right).
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